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732a Wednesday, February 19, 2014Expression was evaluated 7-10 days later. CHR2 and ARCH were excited
with the 488nm and 514nm laser lines from an argon laser. Light power
was controlled with an acousto-optic modulator, and focused onto selected
areas (10-20mm) of the fibers via optic fibers. TPLSM imaging showed that
CHR2 and ARCH were targeted to t-tubules and surface membranes. In fibers
expressing CHR2, 1-3ms light pulses of increasing power elicited graded
transient depolarizations until an action potential (AP) was triggered. The
amplitude and FDHM of light-triggered APs were similar to those in response
to current pulses. At all powers used, illuminating non-transfected fibers
had no effect. Repetitive (<10Hz) pulsed illuminations elicited trains of
APs with no failures. Failures at higher frequencies could be reduced by
increasing the muscle fiber’s input resistance (e.g. by blocking the chloride
conductance with 9-AC), and/or increasing the illumination power. In
voltage-clamped fibers, 40ms light pulses elicited slowly decaying inward
currents with amplitudes graded with the applied illumination power. When
fibers expressing ARCH were illuminated (at 514nm) otherwise supra-
threshold current pulses became ineffective to trigger APs. Our results demon-
strate that optogenetic tools can be used to excite or depress the excitability of
adult skeletal muscle fibers.
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Since stem cell-derived cardiomyocytes will potentially play an important role
in safety evaluations and drug screening in the future, we investigated cells
from different stem cell suppliers with a new label-free technique based on
impedance analysis. The used platform, called the CardioExcyte 96, allows pre-
cise impedance measurements at a time resolution of 1 ms and generates 96 re-
cordings in parallel.
Stem cells from GE Healthcare, Axiogenesis and Cellectis were successfully
tested and data will be compared. Dose response curves or single-point
screening experiments of several drugs (e.g. hERG and Cav1.2 blockers)
were collected and will be presented. The capability of the data analysis soft-
ware of the CardioExcyte 96 platform
allows for a time effective analysis of
data sets due to it’s features and ease-
of-use. The presented data will show
that the CardioExcyte 96 and the cor-
responding CardioExcyte Control
software can be used efficiently to
predict drug-induced arrhythmia for
cardiac risk assessment.
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The use of focused-ion-beam milling (FIB) to thin vitreously frozen cells for
application of cryo-electron tomography is an emerging technology. Howev-
er, successful application of cryo-FIB milling and tomography to frozen bio-
logical tissue has, to our knowledge, not been reported. This is because bulk
tissue cannot be effectively frozen by simple plunge freezing of EM grids,
but rather must be prepared by high-pressure freezing, which requires extra
steps. The cryo-transfers that are required at each step of the process can
cause devitrification, excessive frost contamination and mechanical damage,
consequently resulting in unacceptably high failure rates. To address these
problems, we have devised a protocol and have designed new devices for
manipulating the specimens as they are transferred from the high-pressure
freezer, to a cryo-ultramicrotome (for rough trimming), to the FIB instru-ment, and finally to the transmission electron microscope. Using these
improved procedures we have thinned toad fish swim bladder muscle to
less than 150 nm, which is necessary to achieve resolutions of 2-3 nm,
and we have determined the first cryo-tomograms of vitreously frozen triad
junctions. The tomograms should reveal the three-dimensional architecture
of the triad with an unprecedented fidelity and level of detail. (Supported
by NIH).
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The Deepwater Horizon oil spill disaster in 2010 led to the discharge of
4.9 million barrels of oil into the Gulf of Mexico. This occurred during the
peak spawning time for the severely depleted population of Atlantic bluefin
tuna, Thunnus thynnus, that spawns in the Gulf of Mexico. Crude oil is known
to disrupt cardiac function in fish embryos, yet the physiological mechanisms
underlying cardiotoxicity remain unclear. This study assesses the impact
of crude oil on excitation-contraction coupling in adult tuna ventricular
myocytes. Tuna ventricular myocytes were enzymatically isolated. Action
potential, delayed rectifier Kþ current (IKr) were recorded using whole cell
patch clamp. Ca2þ transient was recorded using confocal microscopy and
Fluo-4. Four oil samples were collected during the Deepwater Horizon oil
spill response effort. High-energy water accommodated fraction were pre-
pared using a steel blender to mimic release conditions at Deepwater Horizon
wellhead. All 4 oil samples significantly prolonged action potential duration
in a dose dependent manner in bluefin and yellowfin tunas cardiomyocytes
(~25% increase, P<0.05, ANOVA). Voltage clamp experiments showed
that this action potential prolongation was due to a blocking of IKr (similar
to human HERG channel); one oil sample (Slick B) blocked IKr with an
IC50 of 51 5 6 mg/L
P
PAH. In addition, crude oil exposure significantly
decreased Ca2þ transient amplitude (~15% decrease, P<0.05, ANOVA).
However, when sarcoplasmic reticulum Ca2þ release was blocked (using
ryanodine and thapsigargin), Ca2þ transient amplitude was not altered by
crude oil, indicating that Ca2þ entry via extracellular space is not altered
by crude oil. All together, these results indicates that crude oil impair cardiac
excitation-contraction coupling by blocking IKr and altering Ca
2þ release.
This may have implications for life threatening arrhythmias in other
vertebrates.
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Reactive oxygen species (ROS) are oxygen derived molecules such as super-
oxide anion, hydrogen peroxide and hydroxyl ion, and are believed to play a
significant role in physiological processes ranging from cell signaling to cell
growth, differentiation, aging processes, apoptosis and defense against micro-
bial pathogens. In cardiomyocytes, ROS can oxidize sulfhydryl (SH) groups
of cysteine residues in many proteins including the sarcoplasmic reticulum
(SR) Ca2þ release channels (i.e. the ryanodine receptors or RyR2s). Among
other possible consequences, such oxidation appears to be able to increase
the sensitivity of RyR2 to be activated by cytosolic [Ca2þ]i. By this means
ROS can increase the open probability of RyR2s and hence increase Ca2þ
spark activity.
Stretching ventricular cardiac myocytes has been shown to activate
NADPH oxidase (NOX2), produce ROS and thereby increase Ca2þ spark
rate in a process called "X-ROS" signaling. Here, we present a 4-state
RyR2 model that include X-ROS signaling and the associated increase in
the Ca2þ sparks rate. Using this new model, effects of diastolic stretch
and the subsequent ROS production on Ca2þ sparks and the [Ca2þ]i tran-
sient during excitation-contraction coupling has been studied. This model
will be used to examine stretch-dependent Ca2þ signaling in heart in health
and disease.
